Setting: Three pediatric pneumatologist offices in Bucaramanga, Colombia. Objective: To establish the concordance between medical criteria and the Childhood-Asthma Control Test (cACT). Design: Study of the assessment of diagnostic technology using transverse sampling. 127 asthma patients aged between 4 and 11 years and their parents filled before clinical evaluation made by a pediatric pneumologist. Patients were classified as controlled or not controlled. Criteria validity was established comparing this classification using Cohen's kappa and performance indicators according to ROC analysis. Results: 78% of the patients were controlled; patients who are not controlled have a higher score in cACT (mean difference: 3.25 points). Concordance among cACT subscales is acceptable (ρ = 0.554). cACT's sensitivity was 53.6%, specificity 78.8%, positive likelihood ratio (LR+) 2.53, and negative likelihood ratio (LR−) 0.59. The best cut-off point is 15, with 98% sensitivity, a specificity of 14.3%, LR+ in 1.14, and LR− in 0.14. Conclusions: cACT is a valid tool to determine asthma control in children without replacing medical criteria or other clinical tests. In populations with difficult access to high complexity services, it is useful to decide whether urgent referral to the specialist is necessary.
Introduction
Asthma is the most frequent chronic disease in pediatric population. In Colombia, a study in six cities obtained a reliable approximation on the prevalence of asthma in children. However, no work has been done to establish how much asthma is controlled. Many tools and methods have been proposed to evaluate asthma, its diagnosis, control and management [1] [2] .
Childhood-Asthma Control Test (cACT) was designed to be administered in primary and secondary care levels; it is cheap and easy to use and interpret [1] [3] . It is derived from the test with the same name administered to teenagers and adults, and it includes four items on the patient's disease perception, to which extra figures were added to help answer the questions, and another three items to be answered by parents [4]- [8] . The scores for the questions determine the level of control of asthma: control (20 -27 points), partial control (15 -19 points) and no control (fewer than 14 points). Studies have shown that clinical criteria based on complete anamnesis and an appropriate physical examination are very reliable methods to determine asthma control levels, including other alterations that may derive from management or complications. However, it seems that cACT, without replacing any medical consultation, could be a useful tool to help assess patients [7] [9]- [11] .
This study aims to compare the result of medical consultation regarding the assessment of asthma control using the results obtained from cACT, thus allowing for an objective and integral tool for consultations performed by general physicians and pediatricians on asthmatic patients [1] 
Study Population and Methods
We performed a diagnostic technology validation study during the second half of 2013. A transverse sampling was made in patients from 4 to 11 years of age. The lower limit of age is the youngest age at which children can answer the test; the upper one is the maximum set because 12-year-old or older may answer original ACT. We had verbal informed consent from their parents and verbal assent from the patients as authorized by the Institutional Review Board from the Universidad Industrial de Santander. The only selection criteria included a clinical history for asthma of at least a 4-month evolution following GINA criteria [9] .
There was no exclusion criteria. All children came for asthma control with any of three pediatric pneumologists on their private offices. In the waiting room and before the consultation, we invited the parents and patients to fill in the cACT, which classifies patients as "Not controlled" (<14 score points), "Partially controlled" (15 -19 score points) and "Under control" (≥20 score points). After consultation and independently from the cACT result, each physician classified them the same way, not controlled, partially controlled and under control, following GINA criteria [12] .
The sample size was defined to estimate a sensitivity of 70% or more to detect no control childhood asthma; at least 120 children were needed to this aim. Statistical analysis was done using Stata/SE 12.1 for Windows ® (StataCorp, College Station, TX, 2013). Evaluation of the differences among the different characteristics of studied patients was done with χ 2 tests or ttest according to the situation, assuming an α < 0.05 difference as significant.
To establish internal consistency for cACT we performed the Cronbach's alpha test [14] , both for the seven items together and for items 1 -4 (patient's answers subscale) and items 5 -7 (parent's answers subscale). At the same time, content validity was evaluated through main factor analysis.
The validity of cACT's criterion was determined through the comparison of the three groups resulting from the score and medical diagnosis established during the interview with categories of the same name. The diagnostic discrimination capacity of the test was estimated using Cohen's mean kappa and its standard error [15] . Afterward, we grouped the medical criteria categories using cACT's "Not controlled" and "Partially controlled" into just one, "Without control", given the fact that the purpose of the treatment is to achieve control. Thus, we calculated sensitivity, specificity and predictive data for the test with the respective 95% confidence intervals (CI95%) against clinical diagnosis, which was considered the gold standard [16] . We estimated ROC characteristics and a ROC (area under the curve) of the scale and both subscales, aiming to establish the best cut-off point for them [17] . Evaluated differences were considered significant when statistical tests were α < 0.05.
Results
Initially, we had 154 patients; 25 were excluded as seen in the participants of the study. Therefore, a total of 127 patients whose ages ranged from 4 to 11 years of age (mean: 6.87; SD: 2.14 years) were included. There were 61 (48%) girls (mean age, 6.85; SD: 2.16) and 66 (52%) boys (mean age: 6.87; SD: 2.13) (p = 0.945). From them, 14 patients (11%) had been diagnoses with asthma within a year, 36 (28.4%) lived with animals, and 15 (11.8%) lived with smokers.
Clinical classification for asthma corresponded to 3 (2.4%) patients with mild intermittent asthma, 75 (59.1%) mild persistent, 47 (37%) moderate persistent, and 2 (1.6%) severe persistent. No differences were found regarding time of diagnosis, living with animals or smokers according to the asthma classification, but some were found regarding age, gender and living in urban areas ( Table 1) .
Control evaluation according to medical criteria corresponded to one (0.8%) not controlled, 27 (21.2%) partially controlled, and 99 (78%) controlled patients. There were differences in the medical classification of control regarding clinical classification, but not in the other analyzed aspects in Table 2 .
cACT categorized six (4.7%) patients as not controlled, 30 (23.5%) as partially controlled and 91 (71.7%) as controlled. Dividing this classification in two groups, cACT catalogs 36 (28.3%) patients as not controlled and 91 (71.7%) as controlled.
Cronbach's alpha for the complete scale was 0.780, while for the patient subscale it was 0.478, and for the parent subscale it was 0.808. With the main factor analysis we only found one dominion that includes all items and explains 94.18% of variance.
Patients without control according to medical criteria got a mean score of 19.04 (SD: 4.46) points, while for controlled patients it was 22.18 (SD: 3.82), with a mean difference of 3.15 (CI95% 4.83 to 1.47) points (p < 0.001). The difference in the patient subscale scores between controlled and not controlled patients according to Table 3 shows the correlation between medical criteria and cACT for control divided in two categories. For cACT full scale under ROC area was 0.719 (CI95% 0.602 to 0.835), while for the patient subscale it was 0.722 (CI95% 0.615 to 0.829) and for the parent subscale it was 0.685 (CI95% 0.564 to 0.806); these differences were not statistically significant (p = 0.268).
The best cut-off point for global cACT was ≥15 points, while for the patient subscale it was 7 points and for the parent subscale it was 6 points. Table 4 shows the indicators of diagnostic performance for these cut-off points.
Discussion
The results of this study show that cACT is a potentially useful tool for screening asthma control in children with this disease. This means it is possible to use it in groups of boys and girls who do not have easy access to high complexity health care services, including the decision of referral to the specialist.
The population in which we evaluated the performance of the test was similar to that reported in medical literature regarding prevalence of the different clinical types of asthma or control, and aggravating exposure factors as passive smoking or living with pets [4]- [7] [12] [18] [19] . This implies that findings could be extrapolated to other populations. Additionally, the studied population behaved similarly to what was stated in the literature: the more severe the asthma, the lower its control [5] [11] . GINA describes at least 10% of the asthmatic population as controlled, stating a high level of underestimation of the symptoms in patients with mild asthma and its under-registration [4] .
Having used control medical diagnosis during the interview with the pediatric pneumologist (who was not privy to cACT's results) as a referent makes these results valid. Results for the evaluation of asthma control and Table 3 . Correlation between asthma control according to medical criteria and original C-ACT cut-off point. the correlation between cACT and clinical criteria were favorable. We expected 60% concordance and we obtained 70%. Up to now, cACT had not been compared to clinical criteria alone, the studies that showed the validity of the test were done by comparing the results from paper testing with pulmonary function and bronchial inflammation parameters like VEF 1 and fractional exhaled nitrous oxide-FeNO [19] . In this study, published in 2009, Piatrecini, et al., found and adequate correlation in the results of asthma control according to cACT and FeNO in patients with recent diagnoses, while among patients in CACT follow-up there was significant correlation with VEF 1 but not with FeNO. Also, Muiño, et al. [5] , compared cACT with asthma control criteria according to GINA, including both clinical parameters and VEF 1 values and found an adequate correlation among patients in severe conditions. Other cACT validity elements were Cronbach's alpha values, both for the complete test and its subscales, and the existence of a unique dominion with all items that explains more than 90% variance. During the initial development of cACT, Nathan, et al., proposed 22 question items derived from an expert consensus based on existing guidelines in 2004. All items achieved significant correlation with asthma control, from which five were used for developing cACT [6] .
Control according to medical criteria

Control according to C-ACT
Liu, et al., found that 12 was the best cut-off point to determine not controlled asthma established with pulmonary function tests and GINA criteria [10] [11] . In this study, we found that 15 is a better cut-off point for patients seen in Colombia, particularly in a population like the one in Bucaramanga, which has the highest asthma prevalence in the country [2] . This cut-off point implies a high sensitivity (98%) with low specificity (14.3%), which combined with a mediocre positive likelihood ratio (1.14) and a very acceptable negative likelihood ratio (0.14) show that this test could be used confidently to screen asthma control taking into account that for every 7 tests showing real high asthma control scores, there is one test with high scores in a patient who, in reality, is not totally controlled. These assertions require further confirmation in other populations to be able to define the best cut-off point for each clinical and population context.
We explored item behavior separately, those answered by patients and those answered by parents or caretakers. Both subscales behaved similarly, without being higher than the sum of both. However, at a certain point the patient subscale could correlate better than that of the parents or caretakers. The aim of this study was not to evaluate the behavior of both subscales. Thus, it cannot elucidate this finding, but could be used to surmise that, in case there is no reliable adult informant, the subscale that evaluates what the patient considers is happening could be used instead. It is likely that parents or caretakers do not have enough information or contact with the child or that they underestimate the symptoms, but further adequate studies on this issue are needed to establish the veracity of this hypothesis. Recently, Rodríguez-Martínez et al. [20] published that the cACT Spanish version has adequate criterion validity, adequate construct validity, adequate sensitivity to change, good internal consistency, good test-retest reliability and excellent usability when administered to 143 asthmatic children aged between 4 and 11 years resident in Bogotá, Colombia.
A weak point in both studies is that is not as objective as the spirometry; in our research, we compared two appreciations: that of the informant and that of the physician, and Rodríguez-Martínez et al. [20] compared cACT score with Pediatric Asthma Caregivers Quality of life Questionnaire score. Nevertheless, the high level of clinical criteria of the physicians as evaluators used in our study is the current available referent, due to the fact that they are the most experienced and knowledgeable about this topic. Even though spirometry is an objective tool for evaluation and it could be used with relative ease in adequate places, in four out of every five children spirometry to evaluate asthma control is not used each time the child visits for clinical control, therefore, many times clinical evaluation is just clinical, even in the most sophisticated contexts [21] [22].
Conclusion
Thus, given the fact that the population is similar to that present in other places in Colombia and Latin America and that the methodology is valid, it is possible to state that cACT is a useful tool to determine asthma control in children. It does not replace clinical control, but it could be used at different attention levels, particularly among those who have difficulties accessing high complexity health services (pediatrics, pediatric pneumology). As such, its use could become another criterion for urgent referral to the specialist.
